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CHIMERIC ADENOVIRAL FIBER PROTEIN 
AND METHODS 07 USING SAMS 

finical Field of The Invention 
5 The present invention relates to a recombinant 

adenovirus comprising a chiaerie adenoviral fiber protein 
and the use of a recombinant adenovirus comprising a 
chimeric adenoviral fiber protein in gene therapy. 

10 Background Of The Invention 

Adenoviruses belong to the family Adenoviridae, 
which is divided into tvo genera, namely MflBtflflenQVlrm 
and xvl adenovirus . Adenoviruses are nonenveloped, 
regular icosahedrons 65-80 nm in diameter (Home et al. f 

IS J- Mol. Biol. . x$ 84-86 (1959)). The capsid is composed 
of 252 capsomeres of which 240 are hexons and 12 are 
pentons (Ginsberg et al., virology. 21, 782-783 (1966)). 
The hexons and pentons are derived from three different 
viral polypeptides (Maizel et al., virology. 1ft, 115-125 

20 (1968); Weber et al., Xiiailsgy.. 24, 709-724 (1977)). The 
hexon comprises three identical polypeptides of 967 amino 
acids each, namely polypeptide IX (Roberts et al., 
science . 232 . 1148-1151 (1986)). The penton contains a 
penton base, which is bound to the capaid, and a fiber, 

25 which is noncovalently bound to and projects from the 

penton base. The fiber protein comprises three identical 
polypeptides of 582 amino acids each, namely polypeptide 
IV. The adenovirus serotype 2 (Ad2) penton bass protein 
is an 8 X 9 nm ring-shaped complex composed of five 

30 identical protein subunits of 571 amino acids each, 

namely polypeptide III (Boudin et al.. Virology, 22* 125- 
138 (1979)). Proteins IX, VI, and Ilia are also present 
in the adenoviral coat and are thought to stabilize the 
viral capsid (Stewart et al., Ssll» 12, 145-154 (1991); 

35 Stewart et al., BSBQJU, 12121, 2589-2599 (1993)). 

Once an adenovirus attaches to a cell, it undergoes 
receptor-mediated internalization into clathr in-coated 
endocytic vesicles of the cell (Svensson et al., 
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vlrol^ . 51, 687-694 (1984); Chardonnet et sl.» HxalSSX., 
Ifl, 462-477 (1970)). Virions entering the cell undergo e 
stepwise disassembly in which many of the viral 
structural proteins are shed (Creber et al., Sail, 11* 
5 477-486 (1993)). During the uncoating process, the viral 
particles cause disruption of the cell endosome by a pH- 
dependent mechanism (Pitigerald et al., QUI, 21, 607-617 
(1983)), which is still poorly underetood. The viral 
particles ars then transported to the nuclear pore 
10 complex of the cell (Dales et al., Yiraltttt* 54, 465-483 
(1973)), where the viral genome enters the nucleus, thus 
initiating infection. 

An adenovirus uses two separate cellular receptors, 
both of which sust be present, to efficiently ettach to 
15 and infect e cell (Wickham et al.. Sail, 11, 309-319 

(1993)). First, the Ada fiber protein attaches the virus 
to s cell by binding to an, as yet, unidentified 
receptor. Then, the penton base binds to a, integrins, 
which are a family of a heterodimeric cell-surface 
ao receptors that mediate cellular adhesion to the 

extracellular matrix moleculee fibronectin, vitronectin, 
laminin, and collagen, ae well as other molecules (Hynee. 
Cmll, SI, H-25 (1992)). »«* P lay i»P°rtant roles in cell 
signaling processes, including calcium mobilisation, 
25 protein phosphorylation, and cytoskeletal interactions 

(Hynee, AUCCA) • 

The fiber protein ie e trimer (Devaux et al. , 1* 
Kflltfl, Biol. . 211, 567-588 (1990)) consisting of a tail, 
a shaft, and a knob. The fiber shaft region is composed 

30 of repeating 15 amino acid motifs, which are believed to 
form two alternating b-strands and b-bends (Green et al. , 
Bfflfl j. . 2, 1357-1365 (1983)). The overell length of the 
fiber shaft region and the number of 15 amino-acid 
repeats differ between adenoviral serotypes. Per 

35 example, the Ada fiber shaft is 37 nm long and contains 
aa repeats, whereas the Ada fiber ia 11 nm long and 
contains 6 repeats. The receptor binding domain of the 
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fiber protein i» localised in the knob region encoded by 
the last 200 aaino acids of the protein (Henry et al. , 
of Virology , 68m . 5239*5246 (1994))* The regions 
necessary for triaerization are also located in the knob 
5 region of the protein (Henry et al. (1994) , fiUBEft) • A 
deletion mutant lacking the last 40 aaino acids does not 
trlaerlze and also does not bind to penton base (Novell! 
et al. Virology . 185 . 365-376 (1991)). Thus, 
triaerization of the fiber protein is necessary for 
10 penton base binding. Nuclear localization signals that 
direct the protein to the nucleus to form viral particles 
following its synthesis in ths cytoplasm are located in 
the N-teralnal region of the protein (Novell 1 et al. 
(1991) , supra ) . The fiber, together with the hexon, are 
15 the main antigenic determinants of the virus and also 
deternlne the serotype specificity of the virus (Watson 
et al., J, Ban. flLrfiU, 525-535 (1988)). The fiber 
protein is glycosylated with single H-acetyl-glucosamine 
residues; however , the functional significance of the 
20 glycosylation reaains unclear (Caillet-Boudin et al., 
BMLi J. Blflfihfflb,, ifti, 205-211 (1989)). 

Over ten fiber proteins froa different adenoviral 
serotypes have been sequenced, only to reveal a larger 
sequence diversity than that observed aaong other 
25 adenoviral proteins. Por example, the knob regions of 
the fiber proteins froa the closely related Ada and Ad5 
serotypes are only 63% similar at the aaino acid level 
(Chroboczek et al.. Virology . lfi£, 260-285 (1992)), 
whereas their penton base sequences are 99% identical. 
30 Ad2 and Ad5 fiber proteins, however, both likely bind to 
the same cellular receptor, since they cross-block each 
other's binding. In contrast, Ad2 and Ad3 fibers are 
only 20% identical (Signas et al., J. of Virology. SI, 
672-678 (1985)) and presumably bind to different 
receptors, since each fails to cross-block the other's 
binding (Defer et al., J- of virology. 64fSi. 3661-3673 
(1990)). Ad3 fiber utilizes sialic acid as its receptor, 
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characteristic the ability to replicate, has been safely 



used as a human vaccine (Rorvits et al. (1990), sjibxa; 
Berkner et al. (1988), aucra i Straus et al. (1984), 
fiilBTfl; Chanock et al., JAMA, 231, 131 (1966); Ha j -Ahmad 
5 et al., J. Virol.. 22. 26? (1986); and Ballay et al., 
Bfflfl, A, 3861 (1985)). 

A drawback to adenovirus-mediated gene therapy is 
that significant decreases in gene expression are 
observed after two weeks following administration of the 
10 vector. In nany therapeutic applications the loss of 

expression requires re-administration of the viral vector 
to overcome losses in expression. However, following 
administration of the viral vector, neutralizing 
antibodies are raised against both the fiber and hexon 
IS proteins (Wohlfart, J. virology . SZ, 2331-2328 (1986); 

Wohlfart et al., J. Vlroloov . 54, 896-903 (1985)}. This 
antibody response against the virus then can prevent 
effective re-administration of the viral vector. 
Accordingly, recombinant adenoviral vectors capable of 
^ \- VJ i« avoiding such neutralising antibodies that would allow 
repeated doses of adenoviral vectors to be administered 
in the context of gene therapy would represent a 
significant advance in current gene therapy methodology. 
Another drawback of using recombinant adenovirus in 
25 gene therapy is that all cells that express the 

aforementioned two receptors used by adenovirus to attach 
and infect a cell will internalize the gene(s) being 
administered — not just the cells in need of therapeutic 
treatment. Likewise, certain cells, such as lymphocytes 
30 which lack the e v integrin adenoviral reeeptors, are 
impaired in the uptake of adenoviruses (Silver et al 
Virology 165 . 377-387 (1988) ; Horvath et al. , J, Of 
virology . 621X1 * 341-345 (1988)) and are not readily 
amenable to adenovirus-mediated gene delivery. 
35 Accordingly, limiting adenoviral entry to specific cells 
or tissues and/or expanding the repertoire of cells 
amenable to adenovirus-mediated gene therapy would be a 
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significant improvement over the current technology. 
Targeted adenoviral gene delivery should expand the cells 
amenable to gene therapy, reduce the anount of adenoviral 
vector that is necessary to obtain gene expression in the 
S targeted cells, and reduce side effects and complications 
associated with increasing doses of adenovirus, such as 
inflammation and the transf action of normal, healthy 
cells. 

Attempts have been made to target a virus to 
10 specific cells by sterically blocking adenoviral fiber 
protein with antibodies and chemically linking tissue- 
specific antibodies to the viral particle (Cotten et al., 
rrrr. Hafcb &c*L Sci, "sa. 12. «094-e09s <i9«». 

Although this approach has demonstrated the potential ot 
15 targeted gene delivery, the complexity and 

reproducibility of this approach present major hurdles 
blocking its application in clinical trials. The 
difficulties thus far encountered in targeting the virus 
by these methods involve the method of synthesis 
20 required, which is to maks major alterations in the viral 
particles following their purification. These 
alteretions involve additional steps that covalently link 
large molecules, such as polylysine. receptor Uganda and 
antibodiee, to the virus (Cotten (1992), SUBtt* Wagner et 
25 al., 2MU3£h. SI. 6099-6103 (1992)). The targeted 

particle complexes are not homogeneous in atructure ana 
their efficiency is eenaitive to the relative ratioe of 
viral particles, linking molecules, and targeting 
molecules used. 
30 The preeent invention seeks to overcome at least 

some of the aforesaid problems of recombinant adenoviral 
gene therapy. It is an object of the present invention 
to provide recombinant adenoviral vectors capable of 
avoiding neutralizing antibodies upon repeat 
35 administration, thereby enabling the maintenance of 
recombinant gene expression at a therapeutically 
effective level. It is another object of the present 
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invention to provide a cell-specif ic/tissue-specif ic 
recombinant adenovirus so as to target gene therapy to 
selected cells/tissues, thereby reducing the amount of 
recombinant adenoviral vector administered and any side- 
5 effects/complications. A further object of the present 
invention is to provide means for modifying the viral 
particle at the level of gene expression, thus allowing 
viral particles to be purified by conventional 
techniques* Another object of the present invention is 

10 to provide a method of gene therapy Involving the use of 
such a homogeneous adenovirus , without the need for 
additional chemical modifications of viral particles , 
such as psoralen deactivation, or the addition of 
molecules to the virus which permit the covalent linkage 

15 of additional molecules to the virus. These and other 
objects and advantages of the present invention , as well 
as additional inventive features, will be apparent from 
the following detailed description. 



20 Piiria* guamiX gf Ba Invention 

The present invention provides a recombinant 
adenovirus comprising a chimeric fiber protein, which 
differs from the native (wild-type) fiber protein by the 
introduction of a nonnative amino acid sequence. The 

25 nonnative amino acid sequence allows the adenovirus to be 
targeted towards a protein, such as a receptor or a bi- 
or multi-specific protein, which is specific for binding 
to the nonnative amino acid sequence and a target 
receptor, by facilitating direct binding between the 

30 nonnative amino acid sequence and the protein, i.e., 
receptor or bi/multi-speciflc protein. Alternatively, 
the nonnative amino acid sequence facilitates proteolytic 
removal of the chimeric fiber protein to allow targeting 
of the adenovirus by means of another adenoviral coat 

35 protein, such as the penton base. The present invention 
also provides an adenoviral transfer vector, among 
others, comprising a recombinant fiber gene sequence for 
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Pftffln'"* Description Of Tn* Invention 
The present invention provides, among other things, 
a recombinant adenovirus comprising s chimeric fiber 
protein. The chimeric fiber protein comprises s 
nonnative amino acid sequence, in addition to or in place 
of a native fiber amino acid sequence, which allows the 
adenovirus to bind to a protein, such as a receptor, 
which is other than a receptor bound by the native fiber, 
and which is referred to herein as a "target receptor,* 
or a bi-/multi-specific protein, such as an antibody or 
fragment thereof, e.g., domain, with binding specificity 
for the nonnative amino acid sequence and for a target 
receptor. In the absence of native fiber amino acid 
sequences that enable trimerization of the native or 
chimeric fiber protein, the nonnative amino acid sequence 
comprises one or more sequences that enable trimerization 
of the chimeric fiber protein, which preferably are not 
immediately adjacent, to the sequence that is specific for 
the aforesaid different protein, e.g. , target receptor or 
bi- or multi-specific protein. Alternatively, the 
chimeric fiber protein comprises a nonnative amino acid 
sequence, in addition to or in place of a native fiber 
amino acid sequence, which is recognized by a protease 
and is cleaved by the protease, effectively removing the 
chimeric fiber protein and thereby allowing targeting of 
the adenovirus by means of another adenoviral coat 
protein, such as the penton base. 

By "nonnative amino acid sequence" is meant any 
amino acid sequence that is not found in the native fiber 
of a given serotype of adenovirus and which is introduced 
into the fiber protein at the level of gene expression. 
"Nonnative amino acid sequence" includes an amino acid 
sequence from an adenoviral serotype other than the 
serotype of the adenovirus with the chimeric fiber 
protein. (For example, an Ad3 fiber amino acid sequence 
or the entire Ad3 fiber expressed in an Ad3 chimeric 
fiber protein or in place of an Ad5 fiber protein. 
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respectively, is a "nonnative amino add sequence.") It 
also Include* • protease recognition sequence* I.e.* » 
sequence that is recognized and cleaved by a protease. 

By "protein-specific amino acid sequence" is meant 
any nonnative aaino acid sequence encoding a protein* 
protein domain or peptide, whether specifically bound by 
another protein or fragment thereof* and is neant to 
include an aaino acid sequence that confers upon a 
chimeric fiber the ability to directly bind to a target 
receptor or class of target receptors* preferably a cell- 
specific or tissue-specific receptor* and an aaino acid 
sequence that confers upon a chlneric fiber the ability 
to directly bind to a bi- or aultl-specific protein* such 
as an antibody or fragment thereof* e.g., domain, which 
IS binda to a target receptor (s). 

By "receptor" is meant a protein, including 
membrane-bound and soluble proteins, with high specific 
affinity for biologically active substances, such ae 
hormones, antibodies, and enzymes. 
20 By "chimeric fiber protein" is meant a fiber protein 

comprising a nonnative amino acid sequence, which 
comprises either e protein binding sequence or a protease 
recognition sequence, in addition to or in place of a 
native fiber amino acid sequence, which comprises e 
23 protein binding sequence. "Chimeric fiber protein* is 
intended to include a fiber protein of a serotype which 
differs from that of the adenovirus on which it is 
expressed, i.e., where the entire native fiber sequence 
is replaced with an entire nonnative fiber sequence. 
30 incorporation of a protein-specific amino acid 

sequence into a chimeric fiber molecule allows targeting 
through two or more separate proteins which are 
chemically or otherwise linked to maXe a bi- or multi- 
specific protein. One component of the bi- or multi- 
35 specific protein binds to the fiber chimera. The second 
component or additional components of the bi- or multi- 
specific protein recognize (s) one or more additional 
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target receptors* For example, a bi- or multi-specific 
protein can include a bispeclfie multichain or single 
chain antibody (Cook et al. # J - Tanunol. Methods. 121, 
227-237 (1994); Spooner et al. # wu»»n Pathol.. 21, 606- 
S 614 (1994)) in which one domain specifically binds an 
epitope on chimeric fiber protein and the other domain 
specifically binds a target receptor* The bispeclfie 
antibodies bind to the chimeric fiber proteins in a 
recombinant adenovirus with the target receptor-spec if ic 
10 domains of the bispeclfie antibodies available for 
binding to a target receptor* 

Preferably, the entire native fiber protein or 
native receptor binding sequence of the fiber protein has 
been replaced at the DNA level with a nonnative protein- 

19 specific amino acid binding sequence. Alternatively, the 
native receptor binding sequence in the fiber gene ham 
been rendered inactive at the DNA level by mutation of 
the sequence, such as by insert ional mutagenesis, for 
example, or rendered conformational^ inaccessible in the 

20 fiber protein, such as by insertion of a DNA sequence 
into or adjacent to the adenoviral fiber gene sequence, 
wherein "gene sequence" refers to the complete fiber gene 
sequence as veil as any lesser gene sequence that is 
capable of being expressed as a functional fiber protein. 

25 For insert ional mutagenesis, the DNA sequence is 

preferably inserted near the gene sequence encoding the 
native receptor binding sequence, so as to move the gene 
sequence encoding the native receptor binding sequence 
within the fiber gene sequence such that, in the chimeric 

30 fiber protein, the native receptor binding sequence is 
conformational ly inaccessible for binding to a receptor. 
In the latter case, the inserted nonnative gene sequence 
that causes the conformational inaccessibility of the 
native receptor binding sequence in the fiber protein is 

35 preferably one that is specific for a target receptor or 
bi- or multi-specific protein* Such a recombinant 
adenovirus can be used, for example, to study receptor 
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binding, adenoviral attachment, and adanoviral infection 
ill yi*ro or in vivo . 

In a preferred embodiment of the present invention, 
the above-described recombinant adenovirus additionally 
5 comprises a gene or genes capable of being expressed in a 
cell to which the virus has attached or by which the 
virus has been internalized and preferably is one having 
therapeutic utility, e.g., corrective DMA, i.e., DMA 
encoding a function that is either absent or impaired, or 

10 a discrete killing agent, such as DMA encoding a 
cytotoxin that, for example, is active only 
intracellular^, or DMA encoding ribozymes or antisense 
molecules. Accordingly, the use of the term "therapeutic 
gene" Is intended to encompass these and any other 

IS embodiments of that which is more commonly referred to as 
gene therapy and is known to those of skill in the art* 
The recombinant adenovirus can be used for gene therapy 
or to study the effects of expression of the gene in a 
given cell or tissue In XliXS or In xiSS* 

20 The recombinant adenovirus comprising a chimeric 

fiber protein and the recombinant adenovirus that 
additionally comprises a gene or genes capable of being 
expressed in a particular cell can be generated by use of 
a viral transfer vector, preferably an adenoviral 

23 transfer vector, in accordance with the present 

invention. The viral transfer vector, preferably an 
adenoviral transfer vector, comprises e chimeric 
adenoviral fiber gene sequence. The chimeric fiber gene 
sequence comprises a nonnative gene sequence in place of 

30 a native fiber gene sequence that encodes a receptor 

binding sequence, which has been deleted, or in addition 
to a native receptor binding sequence, which has been 
mutated or rendered con format ion ally inaccessible in the 
expressed chimeric fiber protein as described above. Ths 

35 nonnative sequence renders the adenovirus specific for 
binding to a protein, e.g., a receptor or bi- or multi- 
specific protein, as described above and, in the absence 
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of native tritceri ration sequences, contains a sequence (s) 
which allows the chimeric protein to triaariae. 
Alternatively , the normative sequence comprises an entire 
fiber sequence froa an adenovirus of a different 
9 serotype, which is then expressed in place of or in 

conjunction with native fiber on a given adenovirus. In 
other words, either all of the fibers on a given chiaeric 
serotype or some of the fibers are of the native 
serotype, whereas others are of a normative serotype. 
10 Another alternative is that the normative sequence 

comprises one or aore of a protease recognition sequence, 
which is cleaved by a protease, thereby effecting removal 
of the chiaerle fiber and targeting of the recombinant 
adenovirus by means of the penton base or other coat 
13 protein (see Figure 1 for diagram of penton complex) . 
Based upon the high degree of structural siailarity 
between the fiber molecules of the more than 41 human 
serotypes of adenovirus, it is expected that any one of 
the serotypes of human or nonhuaan adenovirus aay be used 
20 as the source of the fiber gene. It is preferred, 

however, that one of the serotypes for which the fiber 
gene has been sequenced is used. 

Restriction sitee are introduced into the fiber gene 
sequence; preferably, such restriction sites are 
23 introduced into or flanking a native receptor binding 

sequence of the fiber gene sequence by a suitable method, 
such as PCR mutagenesis. Preferably, these restriction 
sites are not already present in the fiber gene. Such 
sites facilitate the removal or inactivation, such as by 
30 sequence alteration, of the DHA sequence encoding the 
native receptor binding sequence in a given adenoviral 
genome, or the rendering of the native receptor binding 
sequence conforaationally inaccessible, thereby altering 
or eliminating the ability of the fiber to bind to a 
33 receptor normally bound by the fiber. A deleted native 
receptor binding sequence can be replaced with, or a 
mutated or conforaationally inaccessible receptor binding 
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sequent:* can be accompanied by. a different DMA sequence, 
preferably a DNA sequence encoding specificity for 
binding to • protein, such as a receptor, preferably a 
cell-specific or tiesus-specific receptor, or class of 
5 receptors, or to a bi- or multi-specific protein with 
specificity for a given receptor, for example. Unique 
restriction sites in ths fiber gene of one adenoviral 
serotype can be used to replace regions of the native 
fiber gene with homologous regions of ths fiber gene from 
10 another serotype. Such restriction sitee can even be 
used to replace an entire native fiber sequence with e 
nonnetive fiber sequence. 

Preferably, the adenoviral vector is one into which 
any euitable normative aeino acid sequence can be rapidly 
15 inserted. For example, unique Hdft I and Baa HI 

reetriction Bites in pl*3 FC(D can be used to ineert 
receptor binding sequences from other fiber serotype 
genee. Alteraetively, saquencee aleo can be inserted 
into the fiber gene sequence without the need for unique 
30 restriction sitee through PC*. Beceuse e recombinant 
adenovirus can be created vis ligation of recombinant 
sequences with viral DMA or via homologous recombination, 
the adenoviral vector preferably has either (1) unique 
restriction sites that allow ligation of a vector 
35 fragment with the complementing fragments of the 

remaining viral genomes, as described in Example 1, or 
(3) adequate lengths of DMA on either eide of the 
protein-specific sequence thet allow efficient homologous 
recosbinetion with viral DMA, ae described in Example 1. 
30 A preferred adenoviral vector is shown in Figure 10, 

which ie a partial restriction map of such a vector. The 
adenoviral vector of Figure 10 was generated as described 

in Example 1. 

DMA encoding short peptide sequences or protein 
35 domains capable of binding to a given protein, preferably 
a receptor or class of receptors, in particular cell- or 
tissue-specific receptor, is preferred for insertion into 
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the fiber gene sequence in which the native receptor 
binding sequence has been deleted, mutated, or rendered 
conformational ly inaccessible. However, other DMA 
sequences, such as those that encode bi-/multi-specific 
protein recognition sequences, such as receptor-specific 
antibody domains and sequences that encode antigenic 
epitopes recognized by specific antibodies, also may be 
used to replace the native receptor binding sequence. 
The target receptor is optimally cell-specific or tissue- 
specific, and desirably is expressed only on those cells 
or tissues to be treated. 

A non-native, unique protease site also can be 
Inserted into the fiber gene sequence to target an 
adenovirus through the penton base or penten base 
chimeras. The protease site preferably does not affect 
fiber trimerisation or receptor specificity of the fiber 
protein. The fiber chimera-containing particles are 
produced in standard cell lines, e.g., those currently 
used for adenoviral vectors. Following production and 
purification, the particles are rendered fiber less 
through digestion of the particles with a sequence- 
specific protease, which cleaves the fiber proteins and 
releases them from the viral particles to generate 
fiberless particles. For example, thrombin recognizes 
and cleaves at the amino acid sequence Val Pro Arg Oly 
Ser (THINS) (SEQ ID NOi 8) (Stenflo et al., J. Biol fl 
£h£A*.» 252, 12280-12290 (1982)). Fiberless particles 
have been shown to be stable and capable of binding and 
infecting cells (Falgout et al., J. of virology. «22- 
625 (1992)). These resultant particles then can be 
targeted to specific tissues vis the penton base or other 
coat protein. 

The size of the DNA used to replace the native 
receptor binding sequence may be constrained, for 
example, by impeded folding of the fiber or Improper 
assembly of the penton base/fiber complex. 
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Alternatively, recombinant adenovirus comprising 
chimeric fiber protein may be produced by the removal of 
the native Xnob region, which comprises receptor-binding 
and trimerixation domains, of the fiber protein and its 
5 replacement with a nonnative trimerixation domain and s 
protein-specific binding domain (Petaranderl et al.. 
Biochemistry . 21* 12272-12276 (1992)). A recombinant 
adenovirus comprising a chimeric fiber protein also may 
be produced by point mutation in the knob region and the 
10 isolation of clones that ars capable of trimerixation but 
incapable of binding to the native receptor. In either 
case, and also with respect to the removal and 
replacement of the native receptor-specific binding 
sequence as described above, new protein binding domains 
15 may be added onto the C- terminus of the fiber protein or 
into exposed loops of ths fiber protein by inserting the 
nucleic acid sequence encoding the binding domain into 
the fiber gene sequence at the appropriate position. 

Irrespective of which method is used to introduce a 
20 protein binding sequence into the fiber protein, the 
fiber protein must be able to trimerixe. If the fiber 
protein cannot trimerixe, it will be unable to bind to 
penton base protein. Accordingly, the native receptor 
binding sequence must be changed without affecting the 
23 ability of the molecule to trimerixe. 

A recombinant chimeric fiber gene sequence can be 
moved from an adenoviral transfer vector into baculovirus 
or a suitable proxaryotic or eukaryotic expression vector 
for expression and evaluation of receptor or protein 
30 specificity and avidity, trimerixation potential, penton 
base binding, and other biochemical characteristics. 
Accordingly, ths present invention also provides 
recombinant baculoviral and proxaryotic and euxaryotic 
expression vectors comprising a chimeric adenoviral fiber 
35 gene sequence. The chimeric fiber gene sequence includes 
a nonnativs sequence in addition to or in place of a 
native fiber amino acid sequence, which is specific for 
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binding to a protein other than a protein bound by the 
native fiber. The native fiber amino acid sequence nay 
be deleted, mutated, or rendered conformational ly 
inaccessible as described above with respect to the 
S recombinant adenovirus comprising a chimeric fiber 

protein. By moving the chimeric gene from an adenoviral 
vector to baculovirus or a prokaryotio or eukaryotic 
expression vector, high protein expression ie achievable 
(approximately 5-50% of the total protein being the 

10 chimeric fiber). Accordingly, the present Invention also 
provides a recombinant baculovirus comprising a chimeric 
fiber gene and a chimeric adenoviral fiber protein 
comprising a nonnative amino acid sequence in addition to 
or in place of a native fiber amino acid sequence. The 

15 nonnative amino acid sequence is specific for binding to 
a protein, such as a receptor or a bi-/multi-specif ic 
protein, or encodes a protease cleavage site as described 
above. For protein characterization studies, the 
recombinant chimeric fiber protein (rcP protein, such ae 

20 rcFS) can be purified using any suitable methods, such ae 
those described by Wickham et al. (1993), WBEA* 

Various characteristic parameters of the fiber 
protein of interest can be assessed. Specificity and 
affinity of the receptor or other protein/rcr interaction 

25 can be assessed by Scatchard analysis as ehovn previously 
by Wickham et al. (1993) , supra . for wild-type penton 
base protein. Receptor specificity can be further 
assessed by using antibodies and peptides specific for 
the targeted receptor to block rcF5 binding to cells, 

30 using conventional methods* rcF binding to penton base 
protein can be assessed by its ability to precipitate 
radiolabeled penton base protein when coupled to protein 
A-coated beads via an antibody to the fiber protein, 
viral attachment, entry and gene expression are 

35 evaluated initially by using the adenoviral vector 
containing the insert of interest to generate a 
recombinant virus expressing the chimeric fiber protein 
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and e narker gene, such aa 0-galactosidase. 0- 
galactosidase expression In cells infected with 
adenovirus containing the 0-galactoaidase gene (Ad-Laca) 
can be detected as early as two hours after adding Ad- 
5 Glue to cells. This procedure provides a quick and 

efficient analysis of cell entry of the recombinant virus 
and gene expression, and is implemented readily by an 
artisan of ordinary skill using conventional techniques. 
A reconbinant virus, which lacks a native receptor 
10 binding sequence in the fiber, can be produced in human 
embryonic cell line 293 (HEX 293), which allows 
replication of AdSLacZ virus in which the LacZ gens 
replaces the El region of the adenoviral genome. For 
producing recombinant adenovirus containing chimeric 
15 fiber, the 293 cell line must express the receptor to 
which the chimeric fiber protein is targeted. In the 
absence of constitutive receptor expression, the receptor 
gene can be transfected into the 293 cell line to create 
a stably expressing cell line. 
20 Recombinant adenoviruses of the present invention 

can be used to treat any one of a number of diseases by 
delivering to targeted cells corrective DMA, i.e., DHA 
encoding a function that is either absent or impaired, or 
a discrete killing agent, e.g., DHA encoding a cytotoxin 
that, for example, ie active only Intracellular ly. 
Diseases that are candidates for such treatment include, 
for example, cancer, e.g., melanoma, glioma or lung 
cancere; genetic disorders, e.g., cyetic fibrosis, 
hemophilia or muscular dystrophy; pathogenic infections, 
e.g., human immunodeficiency virus, tuberculosis or 
hepatitis; heart disease, e.g.. preventing restenosis 
following angioplasty or promoting angiogenesis to 
reperfuse necrotic tissue; and autoimmune disorders, 
e.g., Crohn's disease, colitis or rheumatoid arthritis. 

one skilled in the art will appreciate that suitable 
methods of administering a recombinant adenovirus of the 
present invention to an animal for purposes of gene 
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therapy (see, for example, Rosenfeld et al., SsiflPCft' 
252 . 431-434 (1991) > Jaffa et al., ClUb Ragi* 22X21* 
302A (1991); Rosenfeld et al., Clin. RM*. 23121* 311A 
(1991) t Berkner, BloTachniouea. fi, 616-629 (1988)). 
chemotherapy, and vaccination are available, and, 
although more than one route can be used to administer 
such a recombinant adenovirus, a particular route can 
provide a more immediate end more effective reaction than 
another route. Pharmaceutical^ acceptable excipiente 
are also well-known to thoee who are skilled in the art, 
and are readily available. The choice of excipient will 
be determined in part by the particular method used to 
administer the recombinant adenovirus. Accordingly, 
there is a wide variety of suitable formulations for use 
in the context of the present invention. The following 
methods and excipiente are merely exemplary and are in no 

way limiting. 

Formulations suitable for oral administration can 
consist of (a) liquid solutions, such as an effective 
amount of the compound dissolved in diluents, such as 
water, ealine, or orange juicei (b) capaulee, sachets or 
tablets, each containing a predetermined amount of the 
active ingredient, as solids or granulesi (o) suspensions 
in en appropriate liquid/ end (d) suiteble emulsions. 
Tablet forms can include one or more of lactose, 
mannitol, corn starch, potato starch, microcrystalline 
celluloee, acacia, gelatin, colloidal silicon dioxide, 
croscarmellose sodium, talc, magnesium stearate, stearic 
acid, and other excipiente, colorants, diluents, 
buffering agents, moistening agents, preservatives, 
flavoring agents, and pharmacologically compatible 
excipiente. Lozenge forms can comprise the active 
ingredient in a flavor, usually sucrose and acacia or 
tragacanth, as well as pastilles comprising the active 
ingredient in an inert base, such as gelatin and 
glycerin, or sucrose and acacia, emulsions, gels, and thi 
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Ilk. confining, in addition to th. ectiv ingredient, 
such excipient. a. are Known in the art. 

The recombinant adenovirus of the present invention, 
alone or in co.bin.tion vith other euitabl. component., 
can be made into aerosol formulation, to b. .d»ini.t«^ 
vi. inhalation. The., -eroeol formulation, can be placed 
into pressurized acceptable propellent., such a. 
dichlorodifluoromethane. propane, nitrogen, and the UK.. 
They may also be formulated ae pharmaceutical, for 
„cn-pressured preparation, such .. in • nebuliser or an 

'^Formulation, suitable for parenteral admini.tr.tion 
include aqueou. and non-aqueou., isotonic .t.ril. 
injection solution., which can contain anti-oxidant.. 
buffer., bact.rio.tat.. and solut.. that r.nd er the 
formulation i.otonic with the blood of th. intended 
recipient, and aqueoue and non-aqueou. sterll. 
attepension. that can include euspending agent., 
.olubilizer., thickening agent., .tebiliser.. and ^ 
preeervativ... Th. formulation, can be pr..ent«d in 
unit-dose or multi-dose sealed conteiner.. euch 
ampule, and vial., and can be stored in • 
(lyophilixed) condition requiring only the additio* of 
the sterile liquid excipient. for exemple. wat.r. for 
inje ctione. im.edi.tely prior to u... Extemporaneou. 
injection solution, and suspension, can b. prepared fro. 
sterile powder., granule., and tablet, of th. kind 
previously described . 

Additionally, th. reco»binant adenoviru. of th. 
present invention .ay be mad. into .ttppositorie. by 
mixing with . variety of base, such a. emul.ifying ba... 
or water-soluble bases. , M ^ _ . m 

ror.ul.tlo„. .»lt.bl. tor v.,in.i .a-lnl.tr.«ion »y 
be pr...nt«l .. p..«ri... t.»pon., =r«~. P*""' 
ToL, or .pr.y («..!» confine, i" « «» 

Ictlv. in V .dl.nt. .uch =.rri.r. .. «. Knom in th. .rt 
to be appropriate. 



O 96/26281 mamm PCT/DSWH 



21 

The dose administered to an animal, particularly a 
human, in tha context of tha present invention will vary 
with tha gena of interest, tha composition employed, tha 
method of administration, and tha particular site and 
S organism being treated. However, the dosa should be 
sufficient to effect a therapeutic response. 

In addition to tha recombinant adenovirus of the 
present Invention, the recombinant vectors, e.g., the 
adenoviral transfer vector, also have utility in yJlEfi. 

10 They can be used as a research tool in the study of 
adenoviral attachment and infection of calls and in a 
method of assaying receptor-ligand interaction. 
Similarly, the recombinant fiber protein comprising a 
nonnative amino acid sequence in addition to or in place 

13 of a native receptor binding sequence can be used in 

receptor-ligand assays and as adhesion proteins la Xlirfl 
or in vivo , for example. 

The following examples further illustrate the 
20 present invention and, of course, should not be construed 
as in any way limiting its scope. 

Example 1 

This example describes how to change adenoviral 
25 antigenicity without changing receptor specificity by 

creating a chimeric fiber protein in which tha native AdS 
receptor binding domain is replaced with the nonnative 
Ad2 receptor binding domain. 

The Ad2 fiber gene vas amplified by PCR, wherein an 
30 2na I site was incorporated into the *• end of the senee 
PCR primer of SEQ ID N0:1, and 2£mft 1 end Ban HZ sitae 
were incorporated into the 5« end of the antisanse primer 
of SEQ ID NO: 2 to allow cloning into the Xhfi I/2BA I 
cloning sites in the vector pAcSG2 (Figure 4) 
35 (Pharmingen, San Diego, CA) to create the vector pAcSG2 
(F2) (Figure 8). The pAcSG2 (F2) was used to evaluate 
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gel or other appropriate eeparation technique could have 

been utilised. 

Alternatively, viral DMA can be cut with • 
reetriction enxyme. such as SM X. *hich cut. at position 
27,082 in the wild-type Ad5 genome. The 27,082 bp £&fi I 
fragment can be isolated from the saaller fragment as 
described above and then ligated with the coapleaenting 
SM I/fiAl X fragaeht froa the pCBS.59-100 (F2) vector and 
then transfected into the appropriate cell line. 
Recombinant virus then can be isolated by plaque assay 
and verified as recombinant using PCR probes specific for 
the chimera and by restriction analysis. 

Eywnple 2 

15 This example describes how to change receptor 

specificity and antigenicity by creating a chimeric fiber 
protein in which the native Ad5 receptor binding domain 
i. replaced with the normative Ad2 receptor binding 

domain. •■ 
20 Oligonucleotide primers were used to amplify a large 

fraction of the Ad3 fiber gene using PCA. The S« sense 
primer of SEQ ID NO: 5 contained an in-frame mutation that 
incorporated an Edft I site, whereas the antisense 
oligonucleotide of SEQ ID HO:6 incorporated a fiAB HI site 

25 to allow cloning of the amplified fragment into pAcSG2 
<F2) in which the corresponding Hd* I/BAB HI region of 
the Ad2 fiber gene was reaoved. The fids I/flM HI 
fragment of the gene for Ad3 fiber was then removed f rom 
the vector pAcSG2 (F3) (Figure 11) end cloned into the 

30 vector P 193 FC (F-) to create p!93 FC <F3) <«*»~ » ' 
The fids I/SAl I fragment containing the chimeric Ad3/Ad5 
fiber gene was then cloned into the vector pGBS. 59-100 to 
create the transfer vector pCBS. 59-100 (F3) (Figure 10). 
The pCBS.59-100 (F3) transfer vector was then cut. 

35 purified, and transfected into the appropriate cell line 
with Ad5 arms as in Example 1. Recombinant virus was 
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then isolated and verified to be recombinant as in 
Example 1. 

The receptor for Ad3 contains a sialic acid 
component, which is required for binding of Ad3, while 
5 binding of Ad5 does not involve sialic acid. Since 

sialic acid is found on all higher eukaryotic cells, the 
Ad3/Ad5 fiber chimera is capable of binding to all cells, 
such e vector can infect a broader range of cell types 
and exhibits different tissue specificity than non- 
10 chimeric Ad5 vectors in yjjza- 

BtsBBla 3 

This example describes how receptor specificity can 
be changed and binding domains can be incorporated at the 
15 c-terminua of mouse adenoviral fiber. 

The fiber sequence from a nonhuman adenoviral 
serotype, mouse adenovirus type 1, for example, is 
amplified using PCR. fifafi I and BBS HI sites incorporated 
into the sense and antisense PCR primers, respsctively, 
20 allow subsequent cloning of the PCR product. The HQs I 
site corresponde to e naturally occurring site in Ad5 
fiber that occurs after the sequence encoding penton bese 
recognition domains. The antisenss primer, in addition 
to the required fiai HI site, contains a sequence encoding 
25 an a,0 r specif ic RGD peptide following en amino acid 
spacer of 5-30 amino acids (such as poly (Ala Ser] or 
poly (Gly)). A unique restriction site is incorporated 
into the sequence following the spacer sequence and then 
again before the stop codon. The site allows the 
30 incorporation of receptor-specific sequences other than 
the o^ 3 -sp«cific RGD peptide. The resultant PCR product 
is then cloned into P AcSG2 (F5) to replace the 
corresponding Ad5 fiber sequence and create pAcSG2 
(MouseRGD). The fide. I/Baa HI fragment containing the 
35 chimeric fiber gene is cloned into pl93 FC <F-> to create 
P 193 FC (MouseRGD) . The fifla I/Sal X fragment from pl93 
FC (MouseRGD) is cloned into pGBS. 59-100 to create the 
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transfer vector pGBS. 59-100 (MouseRGD) . The transfer 
vector is then prepared and trans feet ed along with 
complementing Ad5 DNA into cells expressing the avb3 
receptor as described in Example 1* Recombinant virus 
5 containing the chimeric fiber gene is analyzed as in 
Example 1* Using the unique restriction site 
incorporated into the vector, other receptor binding 
domains , such as the P-selectin binding domain or a 
single chain receptor* specific antibody, can be directly 

10 cloned into the vector. However, the cell line used for 
transf ection must express the targeted receptor in order 
for the recombinant virus to attach and infect cells* 
Incorporation of receptor or antibody binding domains 
into fiber molecules that do not recognise human 

13 receptors allow for the targeting of a vector using such 
a fiber without retaining residual amino acid sequences 
that recognize human receptors and prevent efficient 
targeting* 

20 BXOTPlg 4 

This example describes how to change receptor 
specificity by mutating a native fiber receptor-binding 
domain and incorporating a nonnative binding domain at 
the C- terminus or within an exposed loop of a mutant Ad5. 

25 A mutated fiber gene, one which generates fiber that 

can trimerize but cannot bind to a native fiber receptor, 
is amplified by PCR using primers that incorporate proper 
restriction sites for cloning. The antisense primer, in 
addition to the required Baa HI site, contains a sequence 

30 encoding an o^j-specif ic RGD peptide following an amino 
acid spacer of 5-30 amino acids, such as poly (Ala Ser) 
or poly Gly. A unique restriction site is incorporated 
into the sequence following the spacer sequence and then 
before the stop codon. The site allows the incorporation 

35 of receptor-specific sequences other than the a^ 3 - 

specific RGD peptide. The amplified chimeric gene is 
cloned into the p!93 FC (F-) plasmid to obtain p!93 FC 
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(F2) vector to obtain the plasmid pAcSG2:HSF:RGD (Figure 
14) . Unique SEfl I «™> SSA X sites were incorporated into 
the chimeric HSF-.RGD gene so that different receptor- 
specific or antibody-specific sequences could be rapidly 
inserted into the gene in place of the RGD-coding 
sequence at the end of the sequence encoding the glycine 
spacer arm. The pAcSG2:HSF:RGD plasmid (Figure 14) was 
used to make recombinant baculovirus which expresses the 
fusion protein at high levels. The fusion protein 
expressed was the correct size and formed a trimer. The 
Nde I/SfiB HI fragment of the chineric gene was then 
removed from the vector pAcSG2 (HSFsRGD) and cloned into 
the vector pl93 FC (F-) to create pl93 FC (HSF:RGD) 
(Figure 12) . The £da I/Sftl I fragment containing the 
chimeric fiber gene was cloned into the vector pGBS.59- 
100 (Figure 2) to create the transfer vector pGBS. 59-100 
(HSF:RGD) (Figure 13). The pGBS. 59-100 (HSF:RGD) 
transfer vector was then cut, purified and tranefected 
into the appropriate cell line with Ad5 arms as in 
Example 1. Recoabinant virus was then isolated and 
verified to be recoabinant as in Example 1. 

BUMBBll 6 

This exaaple describes how to replace e knob with a 
triaerization doaain and how to incorporate e binding 
domain containing a protease cleavage site at the C- 
terminus of the knob. 

A chimeric fiber can be targeted to a new receptor 
by incorporating an epitope into the chimera which is 
recognized by a bi-specific antibody. An additional RGD 
domain is incorporated at the C-terninus of the protein 
and separated from the antibody epitope by a unique 
protease recognition site. The chiaeric virus is capable 
of growing in tissue culture cells that express the 
receptor for the RGD sequence. Final preparations of 
virus are then exposed to the protease to remove the RGD 
sequence, leaving the epitope. The viral particles are 




l rCT/VSMAl 

29 

.m-ibodv in which one half 
then expo.ed to a bi-specific antibody ^ 

of th. »olecul. recognize- ^^^.ired receptor, 
fi-r an- the other half ^ ^ RGD 

" 9 " "T T^rrS ^/SL to and enter, only 
sequence i. absent and th.^ru antlb ody. 
thoee cells recognized by the ox »p- 

EbmpJaJ . , 

lnf .ct c.U. in ^" 4 ( ^.f^ Mtruct v.. ,«»««. » 
Th. AdS vim. - V" fic« con. M> _ 
, .h«m in IS. « .W"KU.t.ly a.7» V* 

.t . »»i<r» a* i " " m... as *-«*» 

, « fr.^.»* o« .ppr.xl»«ly 1^1 » 
tib.r ««•• »» loto 10 

produc. pM70-ioo.lK.fit*". »iru. .1th *n 

In ora« to «» r «port« g.» 

» .ct C.U. ^^.^ctiv. 
.5 ....y» .•rfc™" 1 . * ™»V d..i,n»t.« AdCMV- 

t .c.^n.»t — - ;r..»y. - «• 

CATNeo was ueed in the report « re plication 
v .ctor conalet. of the « 
ami viral packaging sequences, s co ^ 

30 euharyotic promoter ^^/^lo/.^phenicol acetyl 
splicing element., th. bacterial chlor jep ^ 

t-srer.ee (CAT, gen. {He0) , and 

polV(X) th. neosycin gen. 

sufficient adenoviral DMA to allow 

35 recombination. generate AdCXV- 

The reporter vector wae use. v * pAd70 -i00dlE3) 
CATHeo, AdCKV-CATMeo-dlEJ (AdCKV-CATKeO pAd 
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and AdCHV-CATNeo-dlE3-Fiber7 (AdCHV-CATNeo + pAd70- 
100dlE3.Fiber7) viruses. Each virus was grown in large 
seals , i.e., i i 1 suspension of human embryonic kidney 
293 cells, to yield virus at a concentration of 10 12 
5 particles/ml. A549 cells were infected with an estimated 
100, 300 or 1,000 particles/cell of one of the three 
viruses. After 48 hr, the cells were harvested and 
lysates were prepared as described in Kass-Eisler et al., 
PMAS PSA . ifl f 11498-11502 (December 1993). Using 30 Ml 

10 of each lysate, CAT assays were performed and acetylated 
chloramphenicol products were separated by thin layer 
chromatography using chloroform: methanol (93:5). The 
results of the assays indicated that each virus was able 
to infect cells and express gene products at appropriate 

IS levels. Accordingly, the virus in which the native fiber 
was replaced with a nonnative fiber could infect cells 
and express genes like the parental virus. 

Following this study, adult Spragus Dawley rats were 
infected with 10 1 viral particles by direct cardiae 

20 injection as described in Kass-Eisler et al., aUBEA- 
Five days later, the rats were sacrificed, cardiac 
lysates were prepared, and CAT assays were performed. 
The amount of the CAT gene product produced was compared 
between the dlE3 and dlE3-Fiber 7 viruses. Results 

23 indicated that both viruses were able to infect cells In 
vivo . The replacement of the wild-type AdS fiber gene 
with that of Ad7 did not impair the ability of the virus 
to infect cells. Accordingly, the virus in which the 
native fiber was replaced with a nonnative fiber could 

30 also infect cells and express genes like the parental 
virus in vivo - These results support the utility of 
adenovirus with chimeric fiber in the context of gene 
therapy. 

33 All publications cited herein are hereby 

incorporated by reference to the same extent as if each 
publication were individually and specifically indicated 



^^^^^^ 



9 



PCIAJS9«»19S1 < 

30 



to be incorporated by reference and were set forth in it. 

•ntirety herein. 

while thie invention hae been described with 
e B pha.i. upon preferred eebedinent., it will be obvious 

5 to those of ordinary .Kill in the art that th.preferred 
eminent, nay be varied. It i. intended that 
invention nay be practiced otherwise than » 
described herein. Accordingly, this invent on include, 
all modification. enco.pa..ed within the .pirit and scop. 

10 of the appended claine. 
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SEQUENCE LISTMP 



<1) GENERAL INFORMATIONS 

li) APPLICANTS Wickhaa, Thonaa J. 
1 1 Falck-Fadaraan, Brie 

Roolvink, Patrua V. 

Brudar, Jo«»ph t. 

Gall, Jasoa 

Eovaadi, U 



<li) TITLE OF INVENTIONS CHIMERIC ADENOVIRAL "B» PR0TBIM AND 
METHODS OF USINO SAKE 

(Hi) NUMBER OF SEQUENCES* 21 

fiv) CORRESPOHDEHCS ADDRESS I 

* ' (A) ADDRESSEE t fydi*. Volt i 

(B) STREET l TWO Prudantial Flasa, Suit* 4900 

<C) ciTYs Chicago * 

ID) STATE 1 Illinois 

(E) COUNTRY* USA 

(F) XIPs 60601 



( (V) COMPUTER READABLE FORM I 



(A) MEDIUM TTFEt Floppy disk 
IE) COMPUTER t IBM PC cosspatlMa 

C OFERATIBO SYSTEM! PC-DOS/HS-DOS #1 „ 

<D) SOFTNARBt Patantln RiImm «•<># Varaion fl.EB 

CURRENT APPLICATION DATA I 

(A) AFFLICATIOM NUMBER I US 
(8) FILING DATBs 

(C) CLASSIFICATIONS 

(viii) ATTORNE T / AGENT INFORMATION 

<A) NAMSt Kilyk, John, ***+ m 
B REGISTRATION NUMBERS 30763 

(C) RE FEREHCB/ DOCKET NUMBER t 716S1 

(IS) TEWCOMMUNICATICai Il^R»TI«t 
<A) TELEPHONE C 312) 616-5600 

(B) TELEFAX t (312) 616-6700 

(2) INFORMATICS FOR SBQ ID HOill 

II) SEQUENCE CHARACTERISTICS l 
<A) LENGTHS 31 ba«a palra 
IS> TYPES nucltic acid 
IC) STRAND EDNES8 1 aingla 

(D) TOPOLOGY s unknown 

<ii) MOLECULE TYPSl DMA (synthatle) 
(Si) SEQUENCE DESCRIPTION! SBQ ID NOllt 

31 

GCCGCTCCAO TTCCAGATGA AACGCCCCAO A 
(2) INFORMATION FOB SEQ ID H0s2i 

(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTHS 35 baaa pairs 
IB) TYPES nuclaic acid 

(C) STRANDEDNESS I aingla 

(D) TOPOLOGY t unknown 
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32 

(2) XHTORKATION FO* SEQ ID HOi2t 

(i) SEQUENCE CHARACTERISTICS! 
Ul tMWTHt 35 bsss pair. 

IB) TYfti nucXsic scid 

(C) STRAWDEDNESSl sin^X* 

(O) TOPOLOGY i unknown 

<il) MOLECULE TYPEl DHA <tynthstiC) 

<xi) SEQUENCE DESCRIPTION SEQ XD NOi2t 
AGGGCCCGGO AGCATCCTTA TTCTTGGGCA XTCTA 
(2) INFORMATION FOR SEQ X© KOs3l 

(1! SEQUENCE CHARACTERISTICS! 

(A) LENGTH! 55 b*s# psi*« 
IS) TTPEt nuclsie acid 
IC) STRAHDEDNESS s sin$X« 
(0) TOPOLOGY 1 unknown 

<ii> MOLECULE WEt OWE (synthstio) 

<xi) SEQUENCE DESCRIPTION! SEQ 10 EOt3l 

TATGCAGCAT CCAATAAAGA ATCGTTTOTO TTATGTTTCA ACCTCTTTAT TTTTC 
<2) INFORMATION roR SEQ ID ROt4t 

It) SEQUENCE CHARACTERISTICS! 
11 7a) LENGTH! 57 b*SS psiXE 

IE) WEi nuclei© scid 

IC) STRAHOBOKBSSl •in«l« 

(0) TOPOLOGY! unknown 
<il) MOLECULE TYPEl DMA <«yn*h#tic) 

<»i) SEQUENCE DESCRIPTION! SEQ XD *©t4l 
AATTCAAAAA TAAACACGTT GAAACATAAC ACAAACGATT CTTTATTOOA TCCTCCA 57 
(2) INFORMATION FOR SEQ XD NOtSl 

li) SEQUENCE CHARACTERISTICS t 
11 (A) LENGTH I 32 »>*•• P*i« 
<E) TTPEt nueXsle acid 

(C) STRANDEDNESS t »inglo 

(D) TOPOLOGY t unknown 

MOLECULE TTFEl OUR (synthetic) 

(xi) SEQUENCE DESCRIPTION! SEQ XD NOl5l 
AACCCCCTCT ACCCATATCA TCAAACCAGC TC 



a 
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|2) INFORMATION FOR SEQ ID HOt6t 

(1) SEQUENCE CHARACTERISTICS I 

(A) lehgthi 35 baaa pairs 
IB) TYPBi nuclate acid 
(C) STRAHDEDNBSSi tinyla 
CD) TOPOLOGY t unknown 

(il) MOUCULB TYPBi DMA <«ynthatic) 



<Jti) SEQUENCE DESCRIPTION SBQ ID HOstl 

AATCGATCCT CACTCATCTT CTCTAATATA CO AAA 3S 

(2) INFOAMATIOW FOR SBQ ZD NOlTt 

|i) SBQOBHCB CHARACTERISTICS! 
<A) LENGTH i 79 basa pairs 

(B) TYPE i nuclaic acid 

(C) STRANDEDNSSSt slngla 
(0) TOPOLOGY I unknown 

111) MOLECULE TYPE i DBA (■ynthatic) 



|»D SEQUENCE DESCRIPTION SBQ ZD K0t7t 

ATGGATCCAO TACTTTAATT CCCAATCTCT CCGC6TCCAA AACTAOTTCC ACCTCCACCT 60 

CCOACTTCAT CGATCAAA? 79 

|2) IKTORMATIOB FOR SBQ ID ffOtSs 

|1) SEQUENCE CHARACTERISTICS! 
(A) LENGTH t 5 «nino acida 
<B> TYPE i talno acid 
|C) 8TRANDEDHB8S t iingla 
|D) TOPOLOGY i llnaar 

111) MOLECULE TYPE i protain 



|xl) SEQUENCE DESCRIPTION SBQ ZD NOtSt 
val Pro Arg Oly Sar 



1 
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(2, XBPOWIATX08 rO« SEO XO MOit. 

in stooina CHARACT8KISTIC8« 

■ nm iM»el«te »cW 
IC1 aTHAOTEBWSil dOUbX* 

(0) IOPOLOOII UnMT 

<U) KOLBCUtX TXPlt DMA (9«no«iC) 

tlx) rSATWRII 

11 (A) HAH1/MTI CM 

(1) LOCATIONS X..M 



(>1) SW«HC. DB8CP.XPTX0ih 8EQ «> *>'»■ 
X 5 . 54 



TAT CAC 

Tyr Mp 



(2) IHTOWiATIOH FOP S8Q XD POiXOl 

sSQUXHCB CHAA*CT8AXSTIC8t 
(i> <m LBBOTH. 18 wine »cia8 
(B) TTPAi ubIiw •ci* 
(D) TOPOLMTI 

(ii) KOLXCVIJC TTPAt prot«i» 

<»i) S8Q08HCI OESCAXtTXOB t 880 XD PO.XO. 
^ ty . AX, AX. - Pro ... OX- MP TAJ PM M. P«- V.X Tg - 

X * 
Tyr Mp 
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(3) INFORMATION FOR SEQ 10 BOtUt 

<i) SEQUENCE CHARACTERZSTZCSl 

(A) LENGTH I 53 base pairs 

(B) TYPtt nucleic Mid 
CC) STRANDEDNESSl double 

(0) topology i linear 
(ii) MOLECULE TIPS I OH* (Qenomie) 



<ix) FEATURE! 

(A) MAMS /KEY I CDS 

(B) LOCATION! 



(Si) SEQUENCE DESCRIPTION! SEQ XO HOtUt 
CCC CAA CAA TAAACAATCO TTTCTCTTAT CTTTCAAOCT GTTTATTTTT CAATTO 5S 



Ala Oln Cltt 

' 1 



( (3) INFOAMATZQH FOR SEQ ID HOlMi 



(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH t 3 amino acids 
<8) TYPE i amino acid 
(D) TOPOLOGY t linear 

(ii) molecule TYPE i protein 

(Si) SEQUENCE DESCRIPTION! SEQ ZD NO! 12! 

Ala Oln olu 

1 

<3) INFORMATION FOR SEQ ZD NO 1 13 1 

(1) SEQUENCE CHARACTERISTICS! 
(A) LENGTH! 63 base pairs 
(8) TYPE i nucleic acid 
(C) STRANDED NESS I double 
(0) TOPOLOGY! linear 

(il) MOLECULE TYPE! DNA (genomic) 

(xl) SEQUENCE DESCRIPTION! SEQ ZD NO! 13! 
CATATGGAGC ATCCAATAAA GAATCCTTTO TGTTATGTTT CAACGTGTTT ATTTTTCAAT 60 

63 

TO 
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(2) IHFCWtATIOH FOB SBQ » BO,l4t 
Ill SEQUZNCI CHARACTERISTICS! 

IB) TTPIt nucl.lc add 
ICI STBAHDBDKBSSl doublO 
,0) TOPOtOCTt linear 

(11) MOLECULE Iffli OBB CoonoDle) 

<8) MCAMOBi 1..4B 

(ix) PEATURBl 

(A) BBMB/BWfl CDS 

(B) tOCATIOBt 4B..84 

»*i) SSQ0E8CE DESCRIPTION. SEQ » W>.14. 

-SSSSSSS5S§55- 

1 * 

(2) XMFOAHATJOB FOB SEQ ID BOllSl 

111 SBQOBBCB CHARACTERISTICS! 
dl 5B «" n LW0TBt is »in» acids 

IB) TXFSt Mftlno acid 
(D) TOFOLOOEi llnoar 

«11) MOLBCOtB TIPBi protolo 

(Si) SBQOBBCB DESCBIPT10BI SEQ ID BOtlSl 

ol, Bl. ox, or, «j Th. s~ «- ^ «» ^ *M 

1 * 

(2) IBFOBMBTXOB FOB SBQ IB BOilBi 

11) SBQOBBCB C*ABACTEBXCTICBl 
**' LEBQTBt 12 amino acids 

8 WBt amino acid 
(D) TOPOLOGY i Unaar 

(11> H0LSC01B WW I protolB 

<*i) SBQOBBCB DSSCBIPTXC*! SBQ ID MOtl*t 

S.r Thr OX, Ph. Hat Thr La« Mp f- *Jg MP 

1 * 
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(2) XU FORMAT 3011 PO* SEQ ID HOtlTt 

(i) SEQUEHCS CHARACTERISTICS! 
(A) LKHCTHi 96 btM pairs 
(9) TTPEt miclsie acid 
(C) STRAIfDEDHESSl doubls 
<D) TOPOLOGTi linssr 

(ii) K0L8CUIS TYPEt DHA (gancmic) 

(in) FEATURES 

(A) NAKE/XETt CDS 
(8} LOCATION 1..51 

<»1) SEQUENCE DESCRIPTION! 5EQ ID KOll7t 

CAA CTC CCA OCT GGA OCT GGA ACT ACT TTT GGA CCC CCA CAC ATT CGC 4S 
Glu Lsu cly Cly Cly Cly cly Thr Ssr Phs Oiy hxg Cly Asp Xl# Arg 
I S 10 *■ 

AAT TAAAGTACTO GATTCATGAC TCTAOACTTA ATTAACCATC CAATAAA 98 
ASH 



(2) ISFORMATIOH FOR S1Q 20 KOslSl 

II) SECOIIIC1 CHARACTERISTICS • 

(A) LEHOTHi 17 amino acids 

(B) TTPH amino acid 
(0) TOPOLOGY s linsar 

<ii) MOLECULE TYPEi protsln 

<xi) SZOUIRCS DESCRIPTION I SEQ ID HOtlSi 

Glu Lou Cly Oly Gly oly Oly Thr Ssr Pha Oly Arg Cly Asp 11m Arg 
X 5 10 
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3. 

WHnT Tfl rUTnTP 18* 

X A recombinant adenovirus coaprieing (a) a 

chimeric fiber protein, wherein said chimeric f iber 

protein comprise, a nonnativ. amino acid sequence, which 

ccmprisee a protein binding sequence or a proteaa. 

recognition sequence, in addition to or in placa of a 

native fiber amino ecid sequence, which compriaea a 

protein binding sequence, and (b) a therapeutic gene that 

i. capable of being expressed in a cell to which the 

recombinant adenovirua attachea or by which the 

recombinant adenovirua i. internalised and, optionally, 

( c) a nonnative amino acid sequence, which compriaea a 

triaerisation domain, in place of a nativa f iber amino 

acid sequence, which comprise, a trimerLation domain. 

2. The recombinant adenovirua of claim 1. wherein 
..id nonnativ. amino acid sequence in -aid fiber 
protein ia a protein binding sequence selected from the 
group consisting of a protein binding sequence from a 
serotype of adenovirus different from the ■•retype of 
Hid recombinant adenovirua, a bispecific protein binding 
.equence, and a multispecif ic protein binding sequence. 

3. The recombinant adenovirua of claim 1. « h «"*» 
..id nonnative amino acid sequence in «* J*""** 
protein ia a protein binding sequence located at the C 
terminua of said chimeric fiber protein. 

4. The recombinant adenovirus of claim 1, which 
further coaprises, a chimeric coat protein comprising a 
nonnative amino acid sequence that is specific for 
binding to a protein. 

5. The recombinant adenoviru. of claim 4, wherein 
said amino acid sequence in said chimeric 
specific for binding to the same protein a. the nonnativ. 
amino acid sequence in said chimeric fiber protein. 
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6. The recombinant adenovirus of claim 4, wherein 
said chimeric coat protein is selected from the group 
consisting of a chimeric penton base and a chimeric 
hexon. 

s 

7. A recombinant baculovirus comprising a chimeric 
adenoviral fiber gene sequence encoding a chimeric fiber 
protein, which chimeric adenoviral fiber gene sequence 
comprises a normative gene sequence encoding an amino 

io acid sequence, which is a protein binding sequence, in 
addition to or in place of a native fiber gene sequence 
that encodes an amino acid sequence, which is a protein 
binding sequence* 

is 8. A chimeric adenoviral fiber protein comprising 

a nonnatlve amino acid sequence, which is a protein 
binding sequence or a protease recognition sequence, in 
addition to or in place of a native fiber amino acid 
sequence, which is a protein binding sequence, and, 

20 optionally, a normative amino acid sequence, which is a 
trimerization domain, in place of a native fiber amino 
acid sequence, which is a trimerization domain* 

9. A viral transfer vector comprising a chimeric 
25 adenoviral fiber gene sequence encoding a chimeric fiber 

protein, which chimeric adenoviral fiber gene sequence 
comprises a normative gene sequence encoding an amino 
acid sequence that is a protein binding sequence or a 
protease recognition sequence, in addition to a native 
30 fiber gene sequence that encodes an amino acid sequence 
that is a protein binding sequence. 

10. The viral transfer vector of claim 9, wherein 
said viral transfer vector is an adenoviral transfer 

35 vector* 
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11. Th« viral transfer vector of claim 10. wherein 
said normative gene sequence encoding an amino acid 
sequence is a protein binding sequence selected from the 
group consisting of a protein binding sequence from a 
serotype of adenovirus different from the serotype of 
said chimeric adenoviral fiber gene sequence, a 
bispecific protein binding sequence, and a multispecific 
binding sequence. 

12. The viral transfer vector of claim 10, wherein 
ssid native fiber gene sequence has been mutated. 



13. The viral transfer vector of claim 12, wherein 
said native fiber gene sequence has been mutated by 

i$ insertion of the normative gene sequence. 

14. The viral transfer vector of claim 10, wherein 
said native fiber gene sequence is s protein binding 
sequence and has been moved within the fiber gene 

20 sequence such that it is conformational^ inaccessible 
for binding to a protein. 

15. The viral transfer vector of claim 14, wherein 
said native fiber gene sequence is a protein binding 

25 sequence and has been moved by insertion of said 
nonnatlve gene sequence. 

l«. A viral transfer vector comprising a chimeric 
adenoviral fiber gene sequence encoding a chimeric fiber 

30 protein, which chimeric adenoviral fiber gene sequence 
comprises a nonnative gene sequence encoding an amino 
acid sequence, which is a protein binding sequence or a 
protease recognition sequence, in place of a native fiber 
gene sequence that encodes an amino acid sequence, which 

35 is a protein binding sequence. 
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17. The viral transfer vector of claia 16, wherein 
said viral transfer vector is an adenoviral transfer 
vector. 

18. The viral transfer vector of claia 17 f wherein 
said normative gene sequence encoding an amino acid 
sequence is a protein binding sequence selected from the 
group consisting of a protein binding sequence froa a 
serotype of adenovirus different froa the serotype of 
said chimeric adenoviral fiber gene sequence, a 
bispeciflc protein binding sequence, and a multispecif ic 
binding sequence. 

19. A prokaryotlo or eukaryotic expression vector 
comprising a chimeric adenoviral fiber gene sequence 
encoding a chimeric fiber protein, which chimeric 
adenoviral fiber gene sequence comprises a nonnative gene 
sequence encoding an amino acid sequence, which is a 
protein binding sequence, in addition to or in place of a 
native fiber gene sequence that encodes an amino acid 
sequence, which is a protein binding sequence. 

20. A method of gene therapy comprising 
administering to a patient in need of gene therapy a 
therapeutically effective amount of a recombinant 
adenovirus of claia 1. 

21. A method of gene therapy comprising 
administering to a patient in need of gene therapy a 
therapeutically effective amount of a recombinant 
adenovirus of claia 2. 

22. A method of gene therapy comprising 
administering to a patient in need of gene therapy a 
therapeutically effective amount of a recombinant 
adenovirus of claia 3. 
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23. A method of gene therapy comprising 
administering to a patient in need of gene therapy • 
therapeutically effective amount of a recombinant 
adenovirus of claim 4. 

24. A method of gene therapy comprising 
administering to a patient in need of gene therapy » 
therapeutically effective amount of a recombinant 
adenovirus of claim 3. 

23. A method of gene therapy comprising 
administering to a patient in need of gene therapy a 
therapeutically effective amount of a recombinant 
adenovirus of claim 6. 




SUBSTITUTE SHEET (RULE 26) 
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(SEQ IP NO»9> 



FIG. 2 

SUBSTITUTE SHEET (RULE 26) 
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pl93 Ad5 Ndel/Sall 

(7.29 kB) 



Ndel 




Muni 

GCCCAACAATAAAGAATCGTTTGTCTTATGTTTCAACGTCTTTATrrT TCAATTG 
►AlaGlnGlu* 

(SSQ ID NOt 11) 



FIG. 3 

SUBSTITUTE SHEET (RULE 26) 




n 



FIG. 4 

suBsrmrre sheet (rule 26) 
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TCT/V&HAll 
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pl93 FC (F-) 

(5.604 kB) 



BamHI 




HindiH 




Ndel BamHI Muni 

CATATGGAGGATCCAATftAAGAXTCGTTKSTGTTATXJTTrcAAOGTGTTTATTTlTCAATTO 



(SEQID NO: 13) 



FIG. 5 

SUBSTITUTE SHEET (RULE 26) 




FIG. 6 

SUBSTITUTE SHEET (RULE 2S) 




FIG. 7 

SUBSTITUTE SHEET (RULE 26) 
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FIG. 8 

SUBSTITUTE SHEET (RULE 26) 




FIG. 9 

SUBSTITUTE SHEET (RULE 26) 
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pGBS.59-100 (P3) 
16,474 bp 



Sail 




Nhel 



FIG. 10 

SUBSTITUTE SHEET (RULE 26) 




FIG. 11 

SUBSTITUTE SHEET (RULE 26) 
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pl93 FC (HSF; RGD) 

(7.14 kB) 




Spel Seal 

GGAGGTGGAGGTGGAACTAGTTTTGGACGCt^MACATTCGCAATTAAAGTACTGClATTCATGACT 
(1 ►GlyGlyGlyGlyGlyThrSer rtieGlyArgGlyAspIleArgAsn* • • SerThrGlyPheMetThr 



CTAGACTTAATTAAGGATCC 
LeuAspLeuI leLys Asp 

(SBQ ZD NO I 14) 



FIG. 12 

SUBSTITUTE SHEET (RULE 26) 
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pGBS.59 lOO (HSF.RGD) 

(17.106 kB) 



Sail 




SpeX 

GAACT0GGAGGTCGAG<nWAACTAGTTrTGGACGCGGAGACAT , IC6CAATTAAA 
► GluLeuGlyGlyGlyGlyGlyThrSerPfceGlyArgGlyAspIleArgAsn* • • 

BamHI 

GTACTOGATTCATGACTCTAGACTTAATTAAGGATCCAATAAA 



(SEQ ZD NOt 17) 



FIG. 13 

SUBSTITUTE SHEET (RULE 26) 
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pAcSG2 (HSF.RGD) 

(7095 bp) 



Xhol 




8p«I 

GGAGGTCGAGGTGGAACTAGTTTTGGAOTCG<y\GACATTCGCAATTAAAGTACTGGATTCATGACT 
^ » GlyGlyGlyGlyGlyThrSer IfceGlyArgGlyAspIleArgAsn* • • SerThrGlyPheMetThr 



(SBQ ZD MOl 14) 



CTAGACTTAATTAA3GATCC 
LeuAspLeuIleLysAsp 



FIG. 14 

SUBSTITUTE SHEET (RULE 26) 
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70m.u. 



100m.ur 




100 m.u? 



Srfl76.4 m.u. 
78.6 m.u. 



2628 bp 



5.8 m.u. 
-SpHI 86.6 m.u. 
PCR, ligation, 
'replacement 
JOirui. 




100 m.i 




Ad7 fiber gene, PCR amplified 
Insertion of p "* BamHI 
BamHI linker | j 

TOrau. 1062 b P 



PacWBamHI replacement 



70 m.u. 



fpAd70"100<fiElPacBani 

12iKbp Pad 




FIG. 15 

substitute sheet (rule 26) 
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W0.A.94 18323 (IMP CANCER RES TECH m 
;SP00NER ROBERT ANTHONY I 68); EPENETOS 
AGAMEMN) 11 Hay 1994 
sec page 26, line 11 - page 27. line 25; 
claim 1-23 

VIROLOGY, NOV 1991. 185 (1) P365-76, 

UNITED STATES, XP882868215 

NOVELL! A ET AL: 'Deletion analysis of 

functional domains In 

baculovirus-expressed adenovirus type 2 

fiber.' 

see the whole document 

W0.A.94 17832 (SCRIPPS RESEARCH INST 
;NEMEROW GLEN R (US); HICKHAH THOMAS J 
(US)) 18 August 1994 
see claims 1-28 
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UNITED STATES. XWttWttU 
KA RAYAH L ET Al: "Oligomer! sation of 
recombinant penton base of adenovirus type 
2 and its assembly with fiber in 
baculovirus-inf acted cells." 
sea the whole document 

VIR0L06Y. „ , M1 
vol. 185. no. 2. JWJ. „ 
pages 758-767. XP0828e8217 
HONG J.S. ET AL.: 'The amino terminus of 
the adenovirus fiber protein encodes the 
nuclear localisation signal" 
see the whole document 

J VIROL. HAY 1995. 69*(5) P2858-7. UNITED 
STATES. XPe026e8218 

cTrvcusoH SC ET AL: "Hunan adenovirus 
slroSpes 3 and 5 bind to two different 
cellSE receptors via the fiber head 
domain." 

see the whole document 

un * 95 95291 (GENETIC THERAPY INC 
^CLELLAW ALAN (US): STEVENSON SUSAN C 
(US)) 23 February 1995 
see claim l-*3 
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